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备 SO42--ZrO2，并掺杂了非贵金属 Ga 对固体酸进行改性，考察了不同制备条件
对正丁烷异构化的影响。 
实验结果表明：等体积浸渍和共沉淀 Ga 均能抑制 ZrO2 的相变，延缓了由四
方相转化为低活性的单斜相。Ga 的最佳掺杂量为 3-5 wt.%，最佳焙烧温度为
700℃，采用浸渍法的催化剂活性优于共沉淀法的催化剂，因为浸渍法掺杂的 Ga
不但稳定了四方晶相 ZrO2，而且改变了催化剂表面的酸性质，产生了强 B 酸；
然而对酸量的影响不明显。采用固定床反应器优化活性评价后发现，当 TOS=10 
h 时，最佳反应温度为 250℃，压力为 1.5-2 MPa，正丁烷空速为 0.2-0.4 h-1，氢
烃摩尔比为 1.5-3。其中，温度对评价结果的影响最大。 
为了进一步提高 Ga 的催化性能，在原有基础上引入第二金属助剂，结果表
明：相对于本征活性较高的 Pt 与 Pd，Cu 的引入均提高了正丁烷转化率与热稳定
性，具有较好应用前景，主要在于 Cu 产生的氢溢流抑制了积碳的形成，延缓了
结焦失活。优化制备与评价条件，发现 Cu 的最佳掺杂量为 0.6 wt.%，焙烧温度
为 650-700℃。值得注意的是，评价前需要在反应器内用 450℃的空气对新鲜的
Cu/Ga2O3/SO42--ZrO2 催化剂预处理后，降温到 250-350℃后再用氢气进行活化预
处理。引入 Cu 后，最佳反应温度为 230-250℃。当 TOS=22 h 时，正丁烷转化率

















Increasingly stringent environmental regulations are accelerating improvements 
in alkylation technologies of isobutane with olefins to produce sulfur-free gasoline 
with a high octane number. The isobutane can be produced by n-butane isomerization. 
So, it is necessary to innovate and develop catalysts for modern science and alkanes 
isomerization in commercial applications. Most of these industrial processes involve 
bifunctional catalysts consist of metal component for dehydrogenation and acidic 
support. Among them, the catalysts based on sulfated zirconia (SO42--ZrO2) 
demonstrate strong activity and thermal stability. So, in this work the SO42--ZrO2 was 
synthetized as support at first. Then, the catalysts preparation by loading non-noble 
metal Ga and evaluation conditions were optimized. 
The results show that both wetness impregnation and coprecipitation with a can 
inhibit ZrO2phase transformation from tetragonal to low activity monoclinic 
crystallite effectively. The suitable Ga content and calcination temperature is 3-5 wt.% 
and 700℃, respectively. The suitable method is wetness impregnation, because the 
active Ga not only stabilizes the tetragonal ZrO2 as support, but also has significant 
effect on the acid strength rather than concentration. That is the strong Brønsted acidic 
sites was emerging. After evaluation in a fixed bed reactor for 10 h, the suitable 
operation conditions are 250 , 1.5℃ -2 MPa, 0.2-0.4 h-1 with the n(H2)/n(C4H10) molar 
ratio of 1.5-3. The catalytic performance is most sensitive to the reaction temperature.  
In order to upgrade the quality for n-butane isomerization, the effect of the 
second metal promoters was investigated. It is surprising that both n-butane 
conversion and thermal stability are improved by adding Cu rather than Pt and Pd 
with high intrinsic activity, which has a good application prospect. Because the H2 
spillover was triggered by Cu, the polymerization of coke precursors was hindered, 
retarding the deactivation. The suitable Cu content and calcination temperature is 0.6 
wt.% and 650-700 , respectively.℃  It is worth to further treat the fresh 















the reactor. When the temperature was obtained and stable, it was pretreated in a H2 
flow prior to isomerization. At a TOS of 22 h, n-butane conversion is ~55 % and the 
selectivity to isobutane is above or equal to 80 % at the suitable reaction temperature 
of 230-250 .℃  
 




































极大地促进了石油化工行业的发展。2015 年我国消耗的石油总量为 57291.83 万
吨，预计未来中国石油需求将保持 2 %-3 %的增长[1]，在石油消耗过程中会有大
量的 C4 资源。主要来源于炼厂催化裂化装置和化工厂裂解制乙烯装置，油田油
气开采和其他化工过程也会产生部分 C4[2]。我国的 C4 资源很丰富，来源也有多
方面，但是我国的 C4 利用率相对于欧美来说还是比较低的，而且由于天然气作















































构化工艺以 UOP 和 Axens 为代表，以下介绍部分异构化工艺。 
1.2.1.1 环球油品公司的异构化工艺 
环球油品公司（UOP）是异构化技术的最主要开发商，拥有典型的 Penex
（C5/C6）工艺和 Butamer（C4）工艺。UOP 还有其他一些异构化工艺如 Par-Isom
和完全异构工艺 TIP。实际上，在 1953 年 UOP 设计了第一套临氢异构化工艺。 
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